A molecular typing approach for Campylobacter jejuni was applied with restriction fragment length polymorphism (RFLP) analysis of a 702-bp PCR-amplified portion of the flagellin-A (&A) gene. We analyzed a total of 179 strains, including 69 independent clinical isolates from diarrheic patients in Japan, 85 isolates in China, and 25 heat-stable (HS) serotype strains by Penner and Hennessy (( 1980) J. Clin. Microbial. 12, 732-737). Six @I, seven MboI, and five Hue111 RFLPs were found in the 702-bp &A segment from the 179 strains. Using a combination of these three enzymes, 25 separate RFLP groups were recognized. While 59 of 154 (38.3%) strains obtained in Japan and China were nontypeable by the HS antigenic scheme, all but two of 154 (98.7%) could be typed by RFLP typing. All 11 isolates of HS-19 strains, which are frequently isolated from Guillain-Bark syndrome (GBS) patients, showed an identical RFLP pattern (Cj-l), and Cj-1 consisted only of HS-19 strains. This suggests that the HS-19:Cj-1 strain is distinct among C. jejuni strains. This molecular typing method provides a rapid and reliable typing scheme for epidemiological studies of C. jejuni, and may also be useful for the analysis of C. jejuni subtypes from GBS patients.
Introduction
Campylobacter jejuni, a microaerophilic Gramnegative rod, is a major cause of bacterial gastroenteritis throughout the world [l] . C. jejuni infection has also been invoked as the most common illness * Corresponding author. Fax: +81 (75) 464-8443. preceding Guillain-Barr& syndrome (GBS) [2, 3] , an acute inflammatory demyelinating disorder of the peripheral nervous system. Several reports have shown that most C. jejuni isolates obtained from diarrheic patients prior to the onset of GBS belonged to Penner serotype 19 (heat-stable; HS-19) [4, 5] , a rare serogroup in diarrheic patients without neurological diseases. 
Various typing systems such as serological typing, biotyping, phage-typing, and genotyping have been put forward as aids to improve understanding of the epidemiology and clinical signs of the disease [6, 7] . The best known and most widely used typing methods today are the heat-stable (HS) antigenic scheme described by Penner and Hennessy [8] and the heatlabile (HL) antigenic scheme described by Lior et al. [9] . These serotyping methods, however, require culture steps, considerable time, and labor investment to produce antisera. In addition, a significant number of strains cannot be typed [7] .
Stool specimens were transported in Cary and Blair transport medium and cultured for C. jejuni on Preston agar. The cultures were incubated in a microaerophilic atmosphere at 42°C for 48 h. The identity of C. jejuni was verified by positive tests for oxidase, catalase, motility, and sensitivity to nalidixic acid. The hippurate hydrolysis test was used to differentiate between C. jejuni and C. coli.
Serogrouping of C. ,jejuni was performed by the method of Penner and Hennessy [8] . It is based on the passive hemagglutination technique for detection of soluble heat-stable antigens that have been identified as lipopolysaccharide antigen.
DNA preparation, PCR and RFLP analysis of the JiuA gene
We report here the use of restriction fragment C. ,jejuni strains were grown at 37°C for 48 h under length polymorphism (RFLP) analysis of a 702-bp microaerophilic conditions on Colombia blood agar. PCR-amplified portion of the flagellin-A (flaA) The procedures for DNA extraction and purification gene to detect DNA sequence diversity among C.
were performed according to Yaoita and Honjo [13] . jejuni isolates in China and Japan. PCR-based
The oligonucleotides used as PCR primers were RFLP assay is known to be sensitive, fast and reliderived from the sequence ofJuA according to Nuijable, and requires only minute amounts of DNA ten et al. [14] and Fischer and Nachamkin [15] . The (< 50 ng). We also examined the heat-stable (HS) amplification product of the forward (5' TACTAantigenic scheme and compared the RFLP typing analysis of C. jejuni with the serotyping method.
Materials and methods

I. Bacteriul struins
The C. jejuni strains analyzed in this study are listed in Tables 1 and 2 CAGGAGTTCAAGCTT 3') and reverse (5' GTTGATGTAACTTGATTTTG 3') primers was 702 nucleotides in length and represented the variable (VI) region [l&16]. PCR was performed with a 100 u-1 reaction volume by use of a Zymoreactor AB-1800 thermal cycler (ATTO, Tokyo, Japan). The reaction included initial denaturation of DNA at 94°C for 4 min and then 30 cycles at 94°C for 0.8 min, 55°C for 0.6 min, and 72°C for 2 min. The final elongation step was 10 min at 72°C to ensure full extension of the product. After amplification, DNA products were ethanol precipitated, and resuspended in 20 yl of distilled water. 6 p.1 of the product was digested with 10 U of restriction enzyme HueIII, AfaI, and Mb01 (Takara, Shiga, Japan) for 3 h at 37°C. The digest was analyzed by electrophoresis using 3% low-melting agarose gel. A 123-bp DNA ladder (BRL, MD, USA) was used as a standard for molecular size determinations.
Results and discussion
HS serotyping data for 154 C. jejuni isolates (69 in Japan and 85 in China) are listed in Table 1 . 50 of 85 Chinese strains (58.8%) and nine of 69 (13.0%) Japanese were nontypeable (NT) by the serotyping scheme. The difference in typeability between isolates in China and Japan was significant @ < O.Ol), although the serotyping was performed at the same laboratory. 44 of 95 strains (46.3%) which could be typed by HS serotyping, belonged to three major HS serogroups (HS-2, -15, and -19). Significant differences in frequency between Japanese and Chinese strains were found for HS-2 (p < 0.01) and HS-19 (p < 0.05) ( Table 1) .
The PCR protocol successfully amplified 702-bp products from all but two of 154 strains (98.7%) and all of 25 HS serotype strains. The difference in typeability between RFLP typing (98.7%) and HS serotyping (61.7%) was significant (p < 0.01). From the restriction enzyme digestion of these PCR products (Fig. l) , we found six distinct patterns with .4faI, seven patterns with MboI, and five patterns with H&II.
Using a combination of these three enzymes, 25 separate groups (Cj-1 to Cj-25) were recognized ( Table 2 ). The most prevalent RFLP groups (45.5% of 154 strains) were Cj-9, -2, and -3. The 59 strains nontypeable (NT) for HS antigens were distributed among 16 different RFLP groups. Cj-16 and -13 RFLP groups were significantly related with NT strains by serotyping scheme.
The combined HS serotyping and RFLP typing revealed a great variety of HS:Cj (RFLP) combinations (Table 3 ). The lack of correlation between HS and RFLP typing was expected because the two typing methods were theoretically different; the HS serotyping scheme is based on 0 lipopolysaccharide (LPS) antigen agglutination, while the RFLP typing method detects sequence differences in the j&z-A gene. All 11 strains of HS-19, however, belonged to Cj-1 by RFLP typing, and Cj-1 consisted only of HS-19 strains, except for two NT strains. The relation between Cj-1 and HS-19 was significant @ cO.05). The correspondence of HS-19:Cj-1 by these two completely different typing methods suggests that the HS-19:Cj-1 strain is distinctive among C. jejuni strains.
GBS is an acute inflammatory demyelinating disorder of the peripheral nervous system. In up to 70% of patients, an acute infectious illness precedes GBS by days to weeks [3, 17] . C. jejuni was recently invoked as a major pathogen preceding GBS [2, 3] , and most C. jejuni isolates from GBS patients belonged to HS-19 [4, 5] . In northern China, 66% of GBS patients had serological evidence of antecedent C. jejuni infection [18] . In our studies, HS-19 (Cj-1) strains were more frequently detected in China than in Japan (Table 1 ). In addition, 58.8% of Chinese isolates were nontypeable by the HS serotyping scheme. Molecular typing using this RFLP assay of C. jejuni isolates from Chinese GBS patients is in progress.
In conclusion, the PCR-based RFLP analysis of 
